A retrospective study of 63 horses diagnosed with limb cellulitis between 1994 and 2005 was conducted. They all had an acute onset of painful, generalised limb swelling, and a clinical diagnosis of limb cellulitis was made by the attending clinician. None of the horses had more than one limb affected. Hindlimbs were significantly more often affected than the forelimbs (P<0·05). Thoroughbreds were significantly over-represented compared with the general distribution of breeds examined at the hospital. Blunt limb trauma, limb surgery and limb injections were associated with the cellulitis in most of the horses, but no plausible cause could be determined in 27 (43 per cent) of the cases. Staphylococcus aureus and Streptococcus species were frequently isolated, although mixed bacterial infections were also common. All the horses were treated with broad spectrum antimicrobials and non-steroidal anti-inflammatory agents, and ultrasound-guided surgical drainage was also applied in 14 cases. Fifty-six of the 63 horses (89 per cent) were discharged from the hospital. Laminitis affecting the contralateral limb was the most common reason for the euthanasia of the other seven horses.
ples of synovial fluid were analysed to rule out concurrent bone or joint pathology. In most cases an ultrasonographic examination of the most prominent part of the swollen leg was made, and marked thickening and increased echogenicity of the subcutaneous tissues, with or without hypoechoic or anechoic fluid pockets, as described by Reef (1998) , supported the clinical diagnosis. Surgical treatment, when carried out, aimed to drain the accumulations of subcutaneous fluid identified by the ultrasonographic examination. After clipping and preparing the area of interest aseptically, it was desensitised with local anaesthetic (most commonly a linear block), and a longitudinal skin incision was made with a number 23 scalpel blade and continued through the subcutaneous tissues to the desired depth. The incisions were left open for drainage and secondary wound healing.
In cases in which ultrasound-guided aspirates of subcutaneous fluid were obtained, and in cases with discrete abscesses or draining tracts, the fluids were cultured bacteriologically, and any bacteria isolated were tested for their susceptibility to antibiotics by a standard disc diffusion assay.
Statistical analysis
Variables assumed to be continuously distributed were expressed as mean values with 95 per cent confidence intervals constructed using the Student's t test (Altman 1991) . The variable 'duration of hospitalisation (days)' was expressed as a median with a 95 per cent confidence interval constructed using the Wilcoxon ranked-sums test. The prevalence was expressed as a percentage with 95 per cent confidence intervals constructed using the theory of simple binomial sequences (Altman 1991) . All the analyses were performed as two-tailed tests with a significance level of 5 per cent. Analysis of variance was used to compare groups with respect to the assumed continuously distributed variables (Altman 1991) . Survival analysis was used to compare the groups with respect to 'duration of hospitalisation' (Kleinbaum and Klein 1996) .
RESULTS
Sixty-three horses met the inclusion criteria. Their mean age was 5·2 years, with a range from one month to 19 years, and there were 34 females and 29 males and geldings. There were 31 thoroughbreds (49 per cent), a significantly higher proportion than the 30 per cent recorded among all the horses examined at the hospital during the same period (P<0·001). All the horses had a generalised hot swelling of the affected CELLULITIS is defined as a diffuse bacterial infection of the dermis and subcutaneous tissues (Baxter 1999 , Evans and White 2002 , Swartz 2004 , Adam and Southwood 2006 . Cellulitis causing an acute painful swelling, often involving an entire limb, is frequently encountered in horses, and is commonly treated with antimicrobial drugs, nonsteroidal anti-inflammatory drugs (NSAIDs), limb bandaging and hydrotherapy (Baxter 1999 , Evans and White 2002 , Adam and Southwood 2006 . The bacterial organisms causing cellulitis have been reported only in individual or small numbers of horses (Reef 1983 , Valberg and McKinnon 1984 , Markel and others 1986 , Pellegrini-Masini and others 2004 , Farstvedt and others 2004 , but a review of these cases suggests that Staphylococcus and Streptococcus species are the most common organisms isolated. It has been proposed that a bacterial infection may follow soft tissue bruising and lead to cellulitis (Baxter 1999) , but this hypothesis has yet to be tested by a review of the case histories of affected horses. A review of the veterinary literature shows that there is little objective evidence concerning the underlying cause(s), predisposing factors, ideal treatment and prognosis of horses with limb cellulitis.
The objective of this study was to describe the history, clinical signs, bacterial culture results, management and clinical outcome of 63 horses diagnosed with limb cellulitis.
MATERIALS AND METHODS
The 63 horses were selected from the medical records of all the horses admitted to the Veterinary Teaching Hospital at Ontario Veterinary College between January 1, 1994 and March 31, 2005. The requirements for a horse to be included were a history of acute and painful generalised limb swelling, hospitalisation, and a clinical diagnosis of limb cellulitis made by the attending clinician. The following data were extracted from each case record: the sex, age and breed of the horse, the affected limb, the initial insult when known, the duration of the clinical signs and their treatment before the horse was admitted, its clinical parameters when admitted, the diagnostic tests applied, including the results of bacterial culture when available, its treatment and the duration of hospitalisation, any complications and the final outcome.
Generalised limb swelling was defined as a swelling that extended at least from the carpus/tarsus to the foot or from the upper limb (radius or tibia) to the cannon. The condition was diagnosed on the basis of a physical examination of each horse; in some cases, radiographs were taken and sam-limb, with a painful (withdrawal) response when the affected area was palpated. Only one limb of each horse was involved, and the hindlimbs were significantly more affected than the forelimbs (P<0·05). The mean and median lameness scores for 61 of the horses were both 3/5 (AAEP scale: 1 Subtle lameness to 5 Non-weight bearing). Limb cellulitis was diagnosed on the basis of the clinical signs in all the horses, and the diagnosis was supported by ultrasonography of the affected limb in 41 of them. Radiographs were taken in 38 cases, and samples of synovial fluid from 15 were analysed at the clinician's discretion to rule out any involvement of the bones or joints.
The disease did not appear to be seasonal, and affected horses were examined evenly throughout the year. Forty-six of the horses were referred for the treatment of limb cellulitis, but 15 were referred primarily for investigations of lameness. The median duration of the clinical signs before they were referred was five days (range one to 17 days, mean 6·3 days), and most cases had already been treated with antimicrobials and NSAIDs before referral. Table 1 shows the apparent causative events, the horses' previous treatment, the limbs affected and their lameness scores on the AAEP scale (Kester 1991) . There was a known history of trauma in 16 of the cases with a visible wound or draining tract in 13 of them. Potential causes of cellulitis were identified in a further 19 cases: recent aseptic limb surgery in nine horses (nonseptic arthroscopy in six, fracture fixation in one, transphyseal bridging in one, and non-septic tendon sheath tenoscopy in one); septic joint arthroscopy in seven, and recent limb injections in three (acupuncture with iodine in one, injection of iron in the hindquarters of one and injection of ammonium chloride adjacent to the palmar digital nerves in one). The cellulitis lesions were identified three to 21 days (mean nine days) after these procedures. No history was recorded for one horse, and in the other 27 horses no underlying cause could be identified.
Commonly encountered clinical abnormalities observed included pyrexia (defined as rectal temperature >38·5°C) mean 38·4°C, range 37·4 to 40·0°C in 23 horses; mild tachycardia (defined as heart rate >40 bpm) mean 49 bpm, range 36 to 120 bpm in 41; leucocytosis (defined as white blood cell count >11·0 x 10 9 cells/l) mean 11·1 x 10 9 cells/l, range 4·0 to 21·1 x 10 9 cells/l in 13 of 24 horses tested; and hyperfibrinogenaemia (defined as plasma fibrinogen >2·8 g/l) mean 4·5 g/l, range 2·3 to 8·9 g/l in 13 of 14 horses tested.
While hospitalised, all the horses were treated with broad-spectrum antimicrobials and NSAIDs. In the absence of bacterial culture and susceptibility data, penicillin in combination with an aminoglycoside (gentamicin in 35 cases and amikacin in four cases), or trimethoprim-sulfadiazine in nine cases, were the antimicrobials most often used. Additional analgesics such as epidural morphine or transdermal fentanyl patches were administered as needed and at the clinician's discretion. In 14 horses that had marked swelling of the affected area (Fig 1) and had responded poorly to medical treatment, ultrasound-guided surgical drainage was applied. In six horses the devitalised skin that developed over the cellulitis lesions was debrided surgically. Ancillary therapy included limb bandaging in 59 of the horses, cold hydrotherapy in 56, and hand-walking exercise in 45. Preventive measures against laminitis in the contralateral limb, such as bandages, frog-support pads and deep bedding, were provided at the discretion of each horse's clinician.
Bacterial culture was attempted in 28 cases, 23 of which yielded a positive growth ( Table 2 ). The samples for culture were obtained from draining tracts or abscesses in 13 of the horses, and by aspirating subcutaneous fluid pockets under ultrasound guidance in 15. Mixed infections were found in 10 samples, five of which were obtained by fluid aspiration. Thirty-one of 39 bacterial isolates were tested for antimicrobial susceptibility by a standard disc diffusion assay. The isolates and the relative frequency of isolates resistant to penicillin, gentamicin and trimethoprim-sulfadiazine are shown in Table 2 .
The median duration of the horses' stay in the hospital was seven days (mean nine days, range one to 43 days). Fiftysix of the 63 horses were discharged from the hospital; at the time of discharge their owners were usually advised to administer oral antibiotics (most commonly trimethoprimsulfadiazine) for a further seven to 14 days. While they were in hospital, the complications attributed directly to the disease included laminitis in the contralateral limb in four, severe skin sloughing in one, septic arthritis in one and endotoxaemia in one. Other complications observed were diarrhoea in five, a caecal impaction in three, large colon impaction in one, jugular vein thrombosis in one, gastric ulcerations in two, and gastric rupture secondary to intestinal intussusception in one. Of the seven horses that did not survive to be discharged, five were euthanased owing to the severity of their complications, (laminitis in three, endotoxaemia in one and extensive skin loss in one); one horse was euthanased because it was unlikely to return to athletic function owing to non-responsive limb swelling and persistent lameness, and one horse died of gastric rupture secondary to intestinal intussusception.
There was no significant difference between the mean times spent in hospital by the horses treated with surgical drainage and the horses treated only medically, and there were no significant differences between these two groups in their clinical signs or clinical pathology when they were admitted.
DISCUSSION
Cellulitis is considered to be a clinical diagnosis in the veterinary and human medical literature (Baxter 1999 , Swartz 2004 , and these cases were diagnosed primarily on the basis of their clinical signs. However, 15 of them were referred for an investigation of lameness, without a tentative diagnosis of cellulitis, which indicates that the diagnosis may not always be straightforward, particularly in the early phase of the disease. Diagnostic procedures such as radiography and the analysis of synovial fluid may be useful in such cases; however, synoviocentesis may introduce bacteria into deeper structures if there is superficial bacterial infection, and it may therefore be contraindicated. Ultrasonographic evaluations of the affected limb in 41 of the 63 cases supported the clinical diagnosis of cellulitis and provided useful information about the presence of fluid pockets that could be aspirated, and, in some cases, indicated areas for surgical drainage.
Cellulitis is generally attributed to soft tissue trauma associated with bacterial infection, but direct causes are often uncertain (Baxter 1999 , Evans and White 2002 , Markel and others 1986 . Possible inciting events were established in 35 of these horses, and included trauma, limb surgery and recent injections into the affected limb. In human beings, skin trauma, subcutaneous injections of illicit drugs, limb surgery, subjacent osteomyelitis and bacteraemia are similarly recognised risk factors for cellulitis (Swartz 2004) , and impaired lymphatic drainage with subsequent limb oedema can also predispose people to recurrent limb cellulitis (Bisno and Stevens 1996, Swartz 2004) . It is reasonable to assume that limb oedema may also be an important risk factor for the recurrence of cellulitis in horses. The practice of reducing oedema with counter-pressure bandages and light walking exercise (if tolerated by the horse) was applied extensively to the horses, but the efficacy of these methods is not known.
Diffuse soft tissue swellings affecting an entire limb, with prominent superficial lymphatic vessels, may be referred to as lymphangitis (Dyson 2003) . Lymphangitis affects primarily the lymph vessels, which become enlarged and thickened (Van Fleet and Ferrans 2001) . Secondary ulcers may develop along their course, and lymphatic obstruction results in local oedema. The dilated vessels may be identified ultrasonographically as small tortuous fluid-filled tubular structures (Reef 1998) . No dilated lymph vessels were identified in these 63 horses; nevertheless, as pointed out by Wilson (2001) , it may be difficult to distinguish with certainty a case of cellulitis from a case of lymphangitis on the basis of the clinical signs. However, the term lymphangitis is also associated with infectious diseases such as ulcerative lymphangitis and epizootic lymphangitis, commonly caused by Corynebacterium pseudotuberculosis and Histoplasma farciminosum, respectively (Aleman and others 1996, Al-Ani 1999) ; ulcerative lymphangitis has a worldwide distribution (Aleman and others 1996) but epizootic lymphangitis is restricted to the Mediterranean, Asia and Africa (Al-Ani 1999). Due to the infectious nature of these diseases, they should be clearly separated from the sporadic lymphangitis described by Dyson (2003) .
There was a significantly higher proportion of thoroughbreds among the 63 horses than among all the horses examined at the hospital. Markel and others (1986) described nine thoroughbred racehorses with cellulitis but did not identify a definite cause of the infection; they suggested that management practices associated with racetrack care of horses may predispose racehorses to cellulitis. No definite cause for the condition was identified in 19 of the 31 thoroughbreds in this study; however, management routines were not included in the case records and can therefore not be commented on.
It is often not possible to isolate bacteria from cases of cellulitis because they have been treated with antimicrobial drugs early in the disease, and no obvious focus of infection develops (Wilson 2001 , Cox 2002 . The high positive yield (82 per cent) in this study was probably due to the fact that only cases with draining tracts, discrete abscesses or accumulations of subcutaneous fluid were cultured, and many cases were not cultured because the clinicians were reluctant to take samples from affected limbs and risk seeding bacteria into deeper structures.
Staphylococcus and Streptococcus species are reported to be the most common pathogens isolated from lesions of limb cellulitis (Baxter 1999, Evans and White 2002) . The results of this study support these findings, as S aureus and Streptococcus group.bmj.com on September 11, 2012 -Published by veterinaryrecord.bmj.com Downloaded from species accounted for 56·4 per cent of the isolates. However, 10 of 23 samples provided more than one isolate, indicating that mixed infections can be common. The finding of Gram-positive cocci together with Gram-negative organisms supports the rationale for treating the condition with broadspectrum antimicrobial drugs (Adam and Southwood 2006) , and emphasises the importance of bacterial culture and susceptibility testing.
A deep-seated, necrotising form of cellulitis that requires prompt surgical debridement is recognised in human beings (Bisno and Stevens 1996, Pavlovic and others 2002) . Surgical treatment (fasciotomy/myotomy, drainage of abscesses and debridement of necrotic tissue) is also considered appropriate in severe cases of cellulitis in horses (Wilson 2001) . In this study, accumulations of subcutaneous fluid were drained from 14 of the horses, but there were no significant clinical or pathological differences between them and the horses that were treated only medically. However, surgical drainage and debridement were generally performed in horses that had responded poorly to medical treatment, and a direct comparison between the groups is therefore invalid.
Corticosteroid treatment is recommended in severe cases of sporadic lymphangitis, to reduce the risk of chronic enlargement of the limb as a result of extensive soft tissue fibrosis (Dyson 2003) . None of these horses received corticosteroids while in hospital, and the case records show that the majority of them responded adequately to the treatment regimen. However, corticosteroid treatment may be warranted in severe cases of limb cellulitis provided that the bacterial infection is under control.
The survival rate of these 63 horses was higher than that reported by Markel and others (1986) . In both studies, horses were euthanased as a result of complications such as laminitis and skin loss, emphasising the importance of trying to prevent such complications in addition to treating the primary disease. The use of analgesics, such as epidural morphine or transdermal fentanyl patches, may encourage weight-bearing on the affected limb, thus reducing the risk of laminitis in the contralateral limb. The administration of analgesic drugs such as morphine through an indwelling epidural catheter has been shown to be effective and safe (Martin and others 2003) , and may be considered in horses with refractory pain from cellulitis involving a hind limb.
Blunt tissue trauma, recent injections or surgery may be associated with cellulitis in horses. Infections with S aureus and Streptococcus species are the most common isolates, and warrant treatment with broad-spectrum antimicrobial drugs. Bacterial culture and susceptibility testing should be attempted whenever possible. In many of the cases described here, ultrasonographic examinations helped to confirm the diagnosis, and helped to guide the aspiration of pockets of fluid and insertion of surgical drains.
Fifty-six of the 63 horses were discharged from the hospital, a higher proportion than in previous studies, but complications such as contralateral limb laminitis and extensive skin loss were the major reasons for the euthanasia of the other seven.
